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PREFACE

In 1968 House Bil1 No. 629 was enacted by the &neral Assembly of
Maryland, transferring the jurisdiction over storm drainage systems within
Montgomery County, with the exception of that portion of the City of Takoma
Park lying within Montgmery County after June 30, 1968, from the Washington
Suburban Sanitary Comission to Wntgomery County. H. B. No. 629 went into
effect on July 1, 196B. Pursuant to the legislation, Montgomery County’s
Department of Public Works, which is now the Department of Transportation,
approved its first Storm Drain Design Criteria on July 1, 1968. Subsequently,
some minor changes were incorporated inti the Storm Drain Design Criteria to
reflect kchnological advances. The 1968 criteria, as changed in 1975, has
now been in effect for twenty years.

Consequently, in an effort to keep up with the sta~ of the art in
storm drain design and to provide more cmpatibil ity witi the criteria of
other local, Stati and Federal agencies, the Montgomery County Department of
Transportation (MCDOT) in coordination with tie Montgomery County Road Code
Comi ttee (ROCOCO) has developed this document b replace the 1968 criteria.
It has been reviewed by the Washington Suburban Sanitary Commission, the
Maryland-National Capitil Park and Planning Comission, and the hntgomery
County Department of Environmental Protection, as well as ROCOCO, representing
lwal engineers, 1and surveyors, public utilities and developers.

The criteria is to be used in conjunction wiW the Montgomery
County Department of Transportation’s Design Standards and tie Montgomery
County Road Construct on Code. It is intended to cover the more routine
designs of drainage facilities. The criteria does not address al1 unusual
situations Mat require unique solutions by the Design Engineer and the need
to allow it users some flexibility with respect to is application is
apparent. At its discretion, MCDOT will approve special designs in
extenuating circumstinces with adequate documentition presented by tie Design
Engineer.

Since this critiria is a part of MCDOT’S effort to keep up with
the state of the art, it is envisioned to be an evolving document, which will
need to be updated periodically. An attempt has been made to draw upon and
incorporate into this document mch of the experience gained by local
agencies, engineers, 1and surveyors and developers in tie past twenty years.
MCDOT will continue to draw upon the experience of tie industry for updating
purposes. To this end, any and al1 constructive criticism of the document is
encouraged. The industry’s cooperation in developing this document is
greatly appreciated. Lik~ise, the industry’s cooperation in making it “all
that it can be” is respectfully requested.
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P~T ONE - GENERAL OVERVIEW.

I. Intro~ction.

The information contained herein, covers tie minimum standard criteria b be
followed by Oesign Engineers tien preparing plans for tie construction of public
storm drain systems witiin the jurisdiction of the ~ntgomery County Oepartient of
Transportation (MCOOT) and covers such aspects as document submissions, flow
determinations (hydraulics and hydrology), horizontal and vertical pipe alignment,
etc. ,:..,:.*,=-

A public storm drain system is defined as al1 drainage courses that convey
concentrated stormwater flows from and within public rights of way or extensive
tributary areas which wil1 require stirm drain construction beyond the limi~ of the
property being developed. P1an approval from MCOOT is required for all public
drainage improvements.

Improvements are considered to be, but not 1imited to, enclosure, channelization
and stabilization of natural channels as a result of property development.

Exceptions are normally made when the 10 year design storm flow from off-site
tributary areas is 1ess than 5 cubic feet per second (cfs) and the improved system
WOU1d not be extended upgrade beyond the developing property in tie future. Those
systems are considered b be private storm drain systems and are not maintained by
MCOOT. Approval from MCOOT is required for connection of a priva@ drain system
into an improved public drain system.

Although these criteria are intended as a guikline, it shall remain tie Oesign
Engineer’s responsibility to review and verify tie applicability of all material
presented herein as it pertains to the specific project under design and b submit
as required by MCOOT al1 design computations, work sheets, right of way
determinateons et cetera as prescribed herein.
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II. Project Drawings And Documents.

A. Submittal requirements

Submittals to MCDOT for the review and approval of stirm drain plans shall
include tie following:

1- MCDOTis Standard Transmittal form b include subdivision name,
Engineering firm’s name, reason for submittal and 1imits of
approval requestid.

1- MCDOT’s Standard Checklist for paving Snd/or:storm drain plans.

!l - Complete submittal package as outlined on the check 1ist under..’
“1. Plans for Approval - Contents of Package Submittal”.

NoTE:-“““
d..pavipgplans wi11 not be accepted for review until.

the,- esta lshment plans have received final approval.

Submittals are h be made to MCDOT. After tie plans have received final
approval, they are retimed ti the Design Engineer who may tien submit a
Permit Submittal Package to MCDOT for processing.

B. General Requirements for Storm Drain Plans and Profiles

1.

2.

3.

4.

5.

6.

J.

Drawings shal1 be prepared on tracings suitable for ready
reprotiction and microfilming with a maximum.size of 2~ by 36”
and a minimum size of 18” by 24”.

All supporting data shall be a minimufisize of 8 1/2” by 11”.

A scale of 1“ = 50’ horizontally and 1“ = 5’ vertically shall
normally be used on pipe profiles.

Details of special structures, typical sections, eti., shall be of
a sufficient scale for clarity.

Plans, profiles, special details, typical sections, etc. shall show
tie scale.

Each drawing must bear me professional seal, signature and
registration nutier of the Registered Professional Engineer and/or
Professional Land Surveyor (registered by the Sta@ of Maryland) who
is responsible for tie design. The first drawing shall have a
certificateon, by the professional, tiat the design conforms b these
criteria.

Notes comon w all drawings shal1 be shwn on the first sheet of the
set of plans and 1abeled “General Notes for Storm Drain Construction”.



3
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C. Changes to @p roved Storm Drain Plans

hy revisions to approved storm drain plans
revi~ and approval prior to construct on.

D. Utility Coordinateon

shall be subm.tted to MCDOT,

Storm drain design Ml 1 be coordinated by the Design Engineer with the
location of water 1ines, sewer mains, wel1s and/or septic systems here
aoDlicable and al1 other utilities (hereinafter called utilities) to ensure
Acre are no conflicts. The locations of all existing and proposed utilities
are to be shown on tie plans and profiles.

The Design Engineer will be responsible for the research, collection and
CO1lation of all pertinent data on existing utilities and proposed utility
construction projects *i ch my impact the storm drain design. The Design
Engineer w.11 also be responsible for obtiining precise locations of all
existing utilities and physiCal features through field surveys and current
records. The ksign Engineer till be responsible for obtiining precise
locations by test pits fierever exact locations of underground utilities are
criticdl to the storm drain design, or where adjustment during construction
WOU1d be costly and/or cause significant delay.

E. Discrepancies

If any discrepanciesor ambiguities are found to exist in these criteria or
if there are any conflicts between these criteria and any code, regulation,
policy or cri~ria promulga~d by any other jurisdictional agencies affecting
the design, MCDOT shall be advised in writing and will render an expeditious
intirpretation and guidelines to be follwed.



4

PmT TWO - HYDROLOGIC AND HYDRAULIC DESIGN CRITERIA

I. General.

The design study is to contiin .al1 infor~ti on necessary to support‘;he
physical storm drain design and is b include: a drainage area map, hydrologic
computitions, hydraulic computations, structural computations for nons&o.dard
structures and hydraulic gradient profiles.

Storm drain systems shal1 be designed on tie basis of ultimati development
of tie tributary watershed. The Maryland-National Capital Park and P1arming
Cmission should be consulted by the Design Engineer to obtain tie ‘la@St ~
zoning or tie latest adopted master plan for tie purpose of determining tie
type of future development expected.

II. Drainage Area Map.

The drainage area map should be based on the most recent and accurate
topographiccal data available. Recent field run or aerial photogramtri c
topography and site grading P1ans are preferable. Where aerial photogrametry
is used, it must be supplemented by field run topography. In any case, tie
Design Engineer is expec@d to prsonally verify the actial drainage patterns
by field inspection of the site.

The fol1owing i~ms are required for a complete drainage area map:

1. Generally, tie size of tie map shall be 24” by 36”. Exceptions
may be made to al1w a maximum size of 30” by 42”.

2. The scale generally shall be 1” = 200’. Otier scales my be used Men
a large off-site area is involved or to provide clarity of small
areas. Supporting topographic information is to be provided when
seales other than 1” = 200’ are used.

3. All existing and proposed streets pertinent b the overal1 drainage
area, as wel1 as sufficient information concerning adjacent major
streets, including an outline of the site of the proposed development,
shal1 be shown ti properly locate the area under consideration.

4. The entire area served by tie drain system shall be outlined by a
solid 1ine thereby enclosing al1 the sub-drainage areas.

5. The tributary area to each inlet structure shall be delineated by
dashed lines. The area, in acres, of every tributary area shall be
shown near the structure.

6. The various land use/zoning, with run-off coefficients for the entire
tributary area under design shall be shown on tie map including, but
not limited to, parcels, school sites, and parks.

7. The existing and/or approved storm drain systems, including all
structures and pipes, shal1 be shown. The systems shal1 be marked as
existing or future.



a.

9.

10.

11.

12,

13,

Existing streams and defined swales shal1 be shown.

The 100 year flood plain 1imits of surface drainagecourses shall be
shown.

The direction of flow within each tributiry area shal1 be sh~n. This
my be done either by using a sufficient nutier of flow arrows or
contour lines.

The proposed storm drain improvements shal1 be shown on the drainage
area map and must be differentiated from existing and approved future
faci1ities. Al1 structures shal1 be numbered and pipes labeled to
correspond witi the storm drain and paving P1an$.

At least 500 feet of the downstream drainage course shal1 be shown.

The title block shall contain tie subdivision name, Engineering
firm’s name and address and date prepared.

III. ~drologic and wdraulic Computations

A. kneral

&neral lY, tie 10 year storm frequency shal1 be used in designing storm ‘
drain systems. In cases where tiere is the possibility of property damage or
public inconvenience should the capacity of a drain system be exceeded, a more
intense storm frequency shal1 be used if required by MCDOT.

Computer programs and metiods of design not referred ti in tiese criteria,
must be documented by the Design Engineer and approved by MCDOT. Al1
assumptions are to be identified.

a. Quantity Of Stormwater Runoff

The Rational Formla, Q = CIA, shal1 be used to determine quantities of
runoff except for areas over 400 acres where other applicable metiods msy be
used subject to approval by MCDOT. For areas greater than 400 acres, tie Soil
Conservation Service TR-20 or TR-55 computer programs are recommended.

In the Rational Formula,
...

Q = Quantity of storwater runoff in cfs at the study point.
C = Runoff coefficient
I = Intensity or rate of rainfall in inches per hour. “I” is

dependent upon the time of concentrateon (% )and tie storm
frequency used.

A = Tributary area in acres.
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In computing flw to any point under consideration, the runoff coefficient
shall be a composite of tie U1timte development “C” factors for all areas
tributary to the point. In areas where the natire of fumre developent is
uncertain, tie design shall be based on a “C” factor for tie anticipated
future type of development. If lack of zoning for a particular area does not
allow an estimted land use, use a “C” factor cmparable to that of a~acent
developed areas.

“C” factors for development shal1 represent a weighted average based upon
tie proportion of the surface area covered by impervious materials or 1awns.

The “C” factor shall be computed using the following values:

Mpervi ous areas 0.90
Laws 0.25

For tie 100 year frequency storm, add 0.10 to tie computed factor.
Supporting documentation shal1 be provided for all “C” factirs.

Attachment 3 my also be used as a guideline for computing “C” factors to
be used as a function of zming type.

The time of concentrateon is tie period of time required for the water to
flow from the hydraulically most distant point, wiWin tie tributary area, to
the point under consideration. The time of concentrateon must be based on tie.
U1timte storm drain system as can best be determined and is to be computed
using the ‘methodin tie Soil Conservation Service, Technical Release ~. 55,
Chapter 3, Figure 3-1, “Average Velocities for Estimating Travel Time for
Overland F1w“.
,.””’



Using the computed time of concentrateon, the intensity can be determined
from the following rainfal1 intensity formulas, which are valid for times of
concentration from 5 minutes thru 60 minutis.

2 years

5 years

10 years

25 years

50 years

100 years

40.6
I = -----------

(tc+8)0.778

66.8
1 = -------------

(tc+12)0.8283

142.7
- -------------

* - (~+18)0.9585

230.9
I = -------------

(tc+22)1.0183

271.1
I = -------------

(tc+23)~.0257

739.2
I = ------------

(tc+32)l.203

The tributary area is that area frm tiich stormwater runoff flows to the
study point.

C. Oetermination of Conveyance Size

Wnning’s Formla is to be used to correlate velocity, slope and friction
for @termining tie size of storm drain rquired to convey the calculated
flMS . The MOOT stindard form may be used for pipe competitions.
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The roughness coefficients to be used are shown in Table 1 belOW:

TWLE 1,,~ ;- . .. .,,,I
Concreti pipe and precast box CU1verts .

.. . .

~nolithic concrete in boxes, channeli, eti. “-
Corrugated metal pipe - 2 2/3” x l/2’’helical corrugations:

15” through 36” diameter
42” through 96! diawter

Corrugated metal pipe - 3“ x 1” helical corrugations:
36” through 84” diameter
96” through 144” diameter

Corruga&d metal pipe-2 2/3” x 1/2” annular corrugations
Corrugated metal pipe-3° x 1” annular corrugations
Corrugated metal pipe arches
Structural plate pipe, pipe arches and arches - 6“x2”
corrugations
Concrete or bi~minous concrete 1ined channels’ ::
Bituminous concrete paving with concrete gutter
Grass gutters and ditches - flow greater than 6 inches
Grass gutters and ditches - flow 1ess than 6 inches
Earth gutters and ditches
Channels not maintained - uncut weeds and brush 0.080-
Natural stream channels 0.035 -
Gabions
Riprap - Class I (150 lbs. maximum stone weight)

Class II ( 700 lbs. maximum stone weight)
Class 111 (2000 lbs. maximum stone weight)

Soil stabilization matting

.:, . ..

0.”01;3,:;’;,‘, ~
0.015

0.019
0.021

0.021
0.024
0.024
0.028
0.024

0.034
0.015
0.015
0.040
0.060
0.025
0.120
0.150
0.030
0.038
0.041
0.044
0.030

While it is true helical corrugated metil pipe may have a lower ‘n’ value
than annular corrugated metal pipe, care should be exercised in the use of tie
reduced values. Since the low values depend upon tie development of spiral
flow across the entire cross-section of tie pipe, tie Oesign Engineer must
verify that fully developed spiral flow can occur in tie design sitiation.
The ‘n’ values for annular pipe shall be used in place of those for helical
pipe under the fol1owing conditions for which spiral flw cannot be achieved:

1. Partial flow in the pipe
2. Extremely high sediment 1oad
3. Short culverts less than 20 times the dia~~r of the culvert in

length
4. Non-circu1ar pipes

When drains are composed of more than one of the above mentioned
materials, a composite roughness coefficient must be determined in proportion
to the wetted perimeter of the different materials.



D. Street Capacity (Spread)

Uater-shal1 not cross the centerline of secondary or tertiary roads. For
all other classifications of roads, the spread shall not exceed 8 feet. The
spread shal1 be computed considering the cross section tirough the gutter pan”
to equal the cross slope of the street paving. ,...

The use of F~A Hydraulic Engineering Circular No. 12, “Drainage of
Highway Pavements”, is recommended from whfch tie fol1owing equations are
taken:

0.56
Q = ---- sx5/3 sl/2 T8/3

n

and d = TSX

where Q = flw rate in the gutter (cfs)
Sx = cross slope of tie roadway (ft/ft)
S = lanaitudinal sloDe (ft/ft)
T = widfi of

and d = depth of
flowline

flOw - spread”(ft)
flow in the gutter at the theoretical
(ft)

E. Inlet Size and Capacity

Curb opening inlets shal1 be used for al1 roadways which require curb and
gutter as a part of the standard roadway section, unless otherwise approved by
MCDOT. No grate only inlets shal1 be used within tie public syswm.

Curb opening inlets shall be sized to intercept a minimum of 7~ of the
flw coming to them with a maximum bypass from any structure not to exceed 4
Cfs. Curb opening inlets shall be located at the upgrade side of all public
and private road connections (intersections) where the gutter flw exceeds 3
cfs, where the allowable spread of water is exceeded or where the depth of
flow will exceed the top of the curb.

9
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x

The following equations maY be used to size Curb+Den~nq inlets on”a continuous
grade: .,. !.,..,.

: ,.

The 1ength of curb-opening inlet required for
with a straight cross slopeon a pavement section

equation:

where

and

The efficiency of
totil interception is

:. ., ..
., .! :.

.,

where

and

LT = 0.6 QO.42 S 0.3 (-

.- ., .:, ,..;,
. . ,!:.-: [ i ~.

totil interception of gUt*ti ‘flti
is expressed by tie ‘fol1~fn’g ‘>1

-!--)0.6
n Sx

LT = curb opening length required to
100 percent of the gutter flow.

Q= gutter flow (cfs)

intercept

s = longitudinal slope of the gutter (ft./ft.)

Sx = pavement cross slope (ft./ft.) and

n = Manning’s roughness coefficient

curb-opening inlets shorter than tie 1ength required for
expressed by the fol1owing equation: ‘,.

E = 1 - (1 - -!-)1.8 >

LT .,,~..,
,., ,

E= Interception efficiency of an inlet (in decimal
form)

L = actual curb-opening length (ft.)

LT = curb-opening length for 10M interception

The length of a curb opening inlet in a sump is determined by the following
relationship:

L= q /oQq

Q = 1.OL

where Q= flow to the inlet (cfs)
L = length of the inlet throat (ft)

The minimum length of a curb opening inlet in a sump shall be 10 feet.
The 100 year storm overflw shal1 be contiined within a surface drainage easement.

Computations shall be provided for all inlets witiin or that affect the public
system. The MCDOT standard form may be used for inlet competitions.

The use of FMA Hydraulic Engineering Circular No. 12, “Orainage of Highway
Pavements”, is recownded for sizing al1 other inlet types.



May 31, 1989

TO:

FROM:

SUBJEC”

The fo

ALL HOLOERS OF NCOOT’S 19BE STORM ORAIN OESIGN

Robert C. Me?ryman, Chief, Division of Transpor

Equations to Compute Curb-Opening Inlet Lengths

loning equations to compute curb-opening inlet lengths are an {cceptable

alternate to the equationa on page ten of the 1988 Storm Drain Oesign criteria.

The length of curb-opening inlet required for total interception of gutter Ilou
on a pavement section with a depressed gutter may be expressed by the fol10win9
equation:

‘T =

where O =
s=
se =

and n =

se =

where S =

s; =w

=
.

nhere a =
w=

and E z0
=

where O =
n

and Q =

NOTES:

~ ~ ~0.42 SO.3 (;!:-)
0.6

e

gutter rlow (cIs)
longitudinal slope of the gutter (ft. /ft.)
equivalent cross slope of pavement (It. lft. )

Manning’s roughness coefficient

SX+S; E
o

pavement cross slope (ft. /ft.)

cross elope of the gutter measured {rem the cross slope of the

pavement, S
x

a/n (see Note 1)

gutter depression ‘(inches)
gutter width (inchee)
ratio of flo~ in the depressed eection to total gutter flow

Qw/Q (see Note 2)

(low in the depressed section (cfs)

total gutter flOM (cIs)

1. For Montgomery County standard curb opening inlets, a = 4“ and u = 16”.

2. OH must be computed algebraically rather than read from Chart 4, page

25, FHWA Hydraulic Engineering Circular No. 12.

For a more detailed explanation of the above equations, please refer to FHWA’S
Hydraulic Engineering Circular No. 12.

RCM:JAT:abc
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F. Manhole, Inlet and Field Connection Energy Losses

Head losses are to be computed using the following formulas:

HL =

VR =

HL =
1P =
OP =
g=

a=
Q=
v=

v~ =
A=

VOP2-VR2
----------------

2g

(QV COS~-)lpl + (QV C05~-)Ip2 + ...
2 2

--------------------------------- (Mnholes and Inlets)
QOP

VR = QIP VIP
--~;- (Field Connection)

head 1oss (ft)
inlet pipe (or main line inlet pipe for field connections)
outlet pipe
acceleration of gravity (32.2 feet per second squared)
the angle between the inlet and outlet pipes
quantity of water (cfs)
Q/A = velocity (fps)
resultant velocity (fps]
cross-sectional area of the pipe (sq. ft.)

A minimum structure loss of 0.25 foot is w be added to tie head loss for
inlets, manholes and special design structures. The factor of 0.25 foot is not
required to be added w the head loss at a field connection.
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HEAD LOSS THROUGH A FIELD
CONNECTION

No Scale

---w---
.-
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G. Entrance Structures

Headwater computations for 10 year and 100 year storms shal1 be provided.,The
maximum relationshipp of tie headwater depti to the pipe diameter (W/D) shall be
1.2 for the 10 year storm.

When the entrance invert is placed below the existing channel, a gabion or
concrete channel shall be used as erosion protection of tie depression as well as
~rti on of the existing channel imedia@ly before the depression. Where the
channel invert is at a gradual slope, otier erosion prowction may be used with
MCDOT’s approval. ~ increase of one foot or greater in tie 100 year headwawr
elevation off-site will require a 100 year flood plain easement. The use of
Federal Highway Administrateon publications is recommended as sources of
information on the design of entrance structures.

; H. Outlet Velocity (other tian drivway culverts)

a

The partial flow velocity based on tie actual slop of the outlet pipe is to be
computed. Computations must be provided to substantiate that tie partial fl~
velocity is not greater Man 10 fps for tie 10 year storm unless a suitable energy
dissipator is placed at the outlet.

Computations must also be provided to substantiate that the velocity, from the
dissipator, concrete, gabion or riprap channel, etc., to the existing channel is
reticed to 5 fps. Outlets that outfal1 into storwater management facilities shal1
be subject to the approval of tie Montgomery County kpartment of Environmental
Protection.

When the grade immediately beyond the outlet protection is sufficiently steep
for the flow velocity @ increase beyond 5 fps, gabion or riprap pro~ction is to
be provi~d unless documentation is provided showing the vegetation and soil is
erosion resistant.

I. Culverts (other than driveway culverts)

Generally, culverts shall be designed to pass the 50 year storm with a mximum
ratio of the headwater depth to the culvert diame~r (Nm) of 1.2. In addition,
the 100 year storm water surface elevation shall not exceed tie profile grade 1ine
elevation at the low ~int of the road. If the culverts are witiin a 100 year
flood plain area, they must be designed to pass a 100 year storm. Computations
wil1 consist of dab required to determine the conveyance size and headwater based
on entrance conditions or outlet control as appropriate. Outlet velocity
computatiens, as mentioned above under item H, are required and the use of Federal
Highway Administration Charts is recommended as a reference on inlet and wtlet
control.
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J. ~draul ic Gradient

This gradient shall be computed for tie design storm for,all pipe sizes
and shall take into consideration friction losses in the pipes and 1osses in
the structures caused by differences in velocity, change in direction of flow,
incoming volume, entrance, exit and other applicable conditions.

When the headwater is negative, the crown of the inlet pipe may be at the
same elevation as the crown of tie outlet pipe, if otier applictile controls
are met.

Al1 enclosed systims shal1 be designed so that they Ml 1 generally operate
without hydrostatic pressure under design conditions. Where the hydraulic
gradient is greater than one foot above the cr~n of the pipe, special joint
treatment will be required.

Starting hydraulic gradient.elevations must be determined at outlets. The
existing and proposed 10 and 100 year water surface elevations must be shown
and computations for the design storm provided at al1 outlets inti swales,
streams and stormwater mariagement ponds.

K. Open Channels (Streams, Ditches, Swales, Etc.)

Competitions shall be provided for al1 channels, accompanied by a typical
section of each reach, and a plan view witi typical section locations clearly

‘“marked. In tie case of existing streams or swales tiich are to remain in a
n,a~ral condition, field run survey data is necessary to prove the streams

“wjll ‘remin in a stable condition.
.

1. Design Channels

,,
Open channels may be used to convey stirmater when tie discharge is

greater than tie capacity of a 72 inch pipe. When used, they must be
designed for the 50 year storm witi a minimum freeboard of six (6) inches
to the top of the channel. Velocities in earth and sodded channels must
be such that erosion w.11 not occur (less Man 5 fps).

Computations shall include slope, cross section, roughness
coefficient, velocity and quantity of discharge for each section or reach
of channel. A gabion or riprap protected invert shall be provided when a
base flow w.11 be present for extended periods.

2. Natural Channels

My plans with natiral channels receiving public stirwater must be
reviewed and approved by the Department of Environmental Pro@ction
for safe conveyance. These channels must be stable and remain stable
under U1timte development of the watershed. Computations shall be
provikd for tie existing and the ultima~ flow quantities and velocities.

Gabion or riprap protection is to be provided unless it can be shown
that the channel is sufficiently erosion resistant to m.tistand ultimate
watershed development flows and that the channel will remain wiWin the
flood plain easement.
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3. Roadside Ditches

GenerallY, the use of these criteria for roadside ditches shal1 be
used in connection wiW tie design and construction of new rural roadways.
Hwever, the criteria may be applied in otier cases, e.g., to existing roads
w.tiwt curb and gutter and b median ditches.

Ditches are consi~red integral components of the public drainage system.
Generally, roadway ditches shall be “V” sha~d, inaccordance witi MCDOT
$tandard details. Other channel cross sections wil1 be considered for
approval under certain conditions, e.g., along existing roadways when tie
standard “V” ditch design wil1 not met existing conditions. They shal1 be
designed to provide sufficient hydraulic capacity to convey tie estimated
runoff from a 10 year frequency storm at a non-erosive velacity. The estima~d
runoff shall be calculated using tie metiods described herein.

Ditch capacity shall be calculated using Manning’s formula. The
appropriate roughness coefficient for the ditch 1in~na under consideration
shal1 be selected from Table 1. The maximum average
tie following:

Grass (sadded) 1ining 4 fps maximum
7 fps maximum

Concrete 1ining no maximum
3 fps minimum

;elocity shal1 not exceed

in fill sections
in cut sections

percent. Concrete 1ining
allawable for grass

The minimum acceptable grass ditch gradient is 2
shal1 only be used when velwi ty exceeds tie maximum
ditches or when tie ditch gradient is 1ess than 2 percent. The minimum
acceptable concrete ditch gradient shal1 be 0.5 percent. In certain instinces
hen grass or concrete 1ining is not deemed to be appropriak by tie designer,
other ma~rials may be considered and approved by MCDOT.

The maximum permit~d depth of flw for any side ditch shall be one foot.
When Wis depth is exceeded, tie runoff must be intercepted by an appropriate
storm drainage inlet and conveyed in a pipe from tiat point to an acceptable
outfall. In those situations where introducing an enclosed drainage systim is
not feasible, witi prior approval of M~OT, a change in tie ditch section
characteristics may be permitted. =cept at driv~ay crossings and street
crossings tiere the outlet conditions allow for ditch flow, ie., depti does
not exceed one foot, enclosed pipe systems must be used in 1ieu of culver~.

The design plans for any roadway having a roadside ditch shal1 show for
the ten year design stirm the estima~d velocity in fps, depth of flow in ft.,
and quantity of flow (Q) in cfs for the ditch on all sides of every
intersection, at 500 feet in~rvals of road centerline length, on tie uphill
side of all inlets, on each side of the ditch leading into a sup or at otier
critical 1ocations where ditch flw is significantly affected by eitier
increased drainage area and/or a change in street gradfent.



Ditch invert elevations shal1 be shown on the design plans around
intersection fillets, at 50 feet intervals through crest and sag vertical
curves, around the bulb .ofCU1-de-sacs,.through transitions from swale
sections ti full ditch sections,and at other critical points, e.g., temporary
turnarounds, low points and high points.

L. Riprap

Riprap channels placed_at.stirm,drain outlets as energy dissipabrs wil1
be designed to reduce the velocity at the downhill end of the channel to 5 fps
or less.and shal1,be placed on a slope range of 0.1 thru 0.5 percent.

A typical section and plan view of the riprap channel will be provided.
Additionally, it wil1 be shown graphically on the storm drain plan and
profile. The information required to be shown on the plans, shall include
d50 Smne size, class, side slopes, depth, length, width and thickness of
blanket.

Using the method in the U.S. Army Engineer Wa@rways Experiment Station‘s,
Technical Report H-74-9, page Al2, computations will be as follows:

1. OeWrmine tailwater, either within the receiving stream or normal
depth witiin the design riprap channel, whichever is greater.

2. Determine the required d50 size of

a. Circular and Square outlets:

d50
--- = 0.020-: ( --:.)4/3
o TW D5/2

the stine:

b. Rectangular and other shaped outlets:

d50 Oq
--- = 0.020 -- (---- )4/3

D TW D3/2

where d50 =

D=

Tw=

q=

and Q =

Diameter of average size stine (ft).

Height of rectangular outlets, width and height of
square outlets and diameter of circular outlets (ft).

Tailwater depth above invert of stirm drain outlet (ft).

Discharqe Der foot of width for rectangular and otier
shaped ;Utiets

Discharge (cfs

3. Determine the required

(cfs/ft).

.

Iength of the blanket.

a. Circular and square outlets:

1). TW less than 0.50,
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2). TW equal to or greater than 0.50,

L Q-= 3 ----
D D5/2

b. Rectangular and other outlets:

1). TW less than 0.5D,

L
- = 1.8 ---- +7
o D3/2

2). TW equal to or greater than 0.50,

L
- = 3 ----
0 D3/2

where L = Length of the stine protection (ft).

end
The riprap channel bottom widti wil1 be equal b tie width of tie flared
section, when used, or 1.75 times the inside diameter of the outlet pipe

or width of the outlet. The riDraD channel side sloDes shall be a maximum of
3:1. The depth of the riprap channel shal1 be the d~ame~r or height of the
storm drain outlet.

The blanket thickness shal1 be 1.5 times“the d50 stone size or the
theoretical spherical diameter of tie maximum weight stone wiWin tie
class of riprap required,

Rirap Classification

Class

I
11

111

whichever is greater. -

UIOO(lbs) dloo(inches) d50(inches)

150 12
700 ;: 16

2000 34 23

NOTE: hximum stone weights correspond to ~HA and WSSC
riprap classifications.

A filter will be placed between the riprap blanket and tie underlying soil
surface. The fi1ter can be of two general forms: a gravel 1ayer or a filter
cloth. A gravel filter, when used, shal1 be designed by cmparing particle
sizes of the overlaying ma@rial and the underlying soil surface. The filter
cloth shal1 be as approved by MCOOT.
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4. All privately maintained storm drains connecting to public storm
drain structures are b be reinforced concre~ pipe, corrugated
metal pipe or solid, rigid PVC Pipe (6” diameter or leSs). No
portion of the privately maintained structures shall extend .”
beneath the paved roadway section.

5. The minimum pipe size ti be used within tie public systim shall
be 15 inches in diameter.

6. Inlet pipes shal1 be placed at a minimum of 90 degrees to the
Wtlet pipe at all structures.

. -.
7. Pipe tlass is b be in accordance with the atti”chedMCOOT 1oad

charts, entitled “RCP Supporting Strengths”. NOTE: The charts
are intended for use witi circular pipe only. ~oading
conditions beyond the 1imits and scope of the charts, the Oesign
Engineer shall provik computitions verifying the pipe class
required for H-20 truckload or E-80 Cooper trainload.

8. One foot minimum cover over tie outside of the pipe is to be
provided. A typical section shal1 be shown on the drawings.

9. Pipes 27 inches or larger in diame~r may be curved horizontally
and/or vertitally. The joint opening is not to exceed 1/3 tie
1ength of the tongue in horizontal and crest vertical curves, and
is not to exceed 1/4 the length of the tongue in sag vertical
curves. All pertinent pipe curve data is to be shwn on the
drawing, i.e., radius, chord, tangent, arc, P.C., P.T. and P.I.
for horizontal curves and P.V.C., P.V.T., P.V.I.,P.O.C. and the
lengti of curve for vertical curves. Maximum laying 1ength of
pipe for each curve shal1 be shown.

10. Pipe shal1 not be designed on a slope 1ess than 0.5 percent.
However, to enhance self<leaning characteristics, 15 and 18 inch
diameter pipe are to be designed on an actual slope of 1 percent
or greater.

11. Profiles of proposed storm drains shall indicate size, ty~ and
class of pipe, design grade and invert elevations at both ends
of pipe run, O1O, QIo/A, and the minimum S1ope required
for full flow in tie pipe. The hydraulic grade 1ine shal1 be
shown on all pipe proffles. The actual flow velocities in pipe
wil1 be shown for all outlet pipes.

Pipe elevations and grades shall be set to avoid hydrostatic
surcharge during the design condition. Under SkCial
circumstances, when approved by MCOOT, head my be placed on
these pipes. When the head on these pipes exceeds 1 foot, special
treatient of tie pipe joints will be required, e.9., rubber
gasket joints or concre@ collars.

12. A pipe schedule tabulating pipe Iengtis by size and class is W
be inclukd on the drawings. Separaw pipe schetiles wil1 be
shown for public and private systems.



13. The downsizing of storm drain pipe ti”one 5iZ,esmaller ~S
permitted only once in any proposed storm,drain system.

B. ~nholes, Inlets and Field Connections

1. MCDOT standard structures are b be used here possible. The
selection of an inlet type shall fit the site requirements.

2. Access structures shall be spaced as follows:

15“ through 24” pipe 400’ maximum
27” through 42” pipe 500’ mximum
481’and larger 600’ maximum,

except with special
approval by MCOOT.

3. A minimum slope of 1 percent or 0.1 ft. drop, tiichever is
greater, shal1 be provided through structire inverts.

4. Through structures are to be provi~d with a shaped channel, witi
a rounded bottom conforming b the inlet and outlet pipe. The
sidewalls of the shaped channel shall extend to the crowns of the
pipes in tie structure. Where branch 1ines enter structures at a
considerable elevation @eve tie botm of tie structures tie
shaped channel in tie structure may be required to have a special
1ining.

Where the drop on the main line through a struc~re is greater
than that which can be accommodated by a shaped channel with tie
invert on a 1.5 foot horizontal to 1 foot vertical S1ope, the
bottm of the structure shall be 1ined wiM granite blocks at
least 4 inches thick. No shaped channel wil1 be required for tiis
type of construction, but tie bottom of tie structure shall slope
at least 1/2 inch per foot toward the invert of the outlet pipe.

5. Field connections of branch 1ines into the mainline pipes my be
used only where the main line pipe involved is 27 inches in
diameter or 1arger. The branch 1ine my be no 1arger than two-
thirds of the diameter of the main line Pipe.

6. Sufficient contours are U be shown around yard inlets to insure
tiat positive drainage to the inlet is obtiined. The limits of
the area of inundation during tie 10 and 100 year storms shall be
shown on the plan and storm drain profile.

7. Inlets shall not exceed 12 feet in depti.

8. Street inlets shal1 be a minimum of 3 feet from tie P.C. of the
curb fillets.

9. Street inlets in sump areas shall be located at tie lW point of
tie street grade.

10. “B” type inlets shal1 not be used in sump areas”.
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k.

11. All structures are to be nutiered and 1isted in the structure
schedule which shal1 include the following information:

S~ructure type, Agency and agency’s standard nutier,
size, top elevations, slot elevations and location, if
applicable, and mdi fication notes, Precast structure
standard number and supplier, if applicable.

Separa@ structure schedules will be shown for public and private systems.

12. In general, private drains are to be connected to a public inlet
or manhole.

13. In residential areas, a maximum concentrated flow of 5 cfs will
be allowed to cross inti the public right of way from off-site.

“,
C. Entrance Structures

1. Entrances are not to be 1ocated on developed 1ots except in
extenuating circumstances, with special permission of MCDOT.

2. Field run @pographical information is to be shown on the plan
view b show drainage pati(s) to tie structure and @ ensure
intercept on of the flOW.

3. The limits of pending for 10 and 100 year storms are to be shown
on tie plan and profile views.

4. The channel invert and tops of banks of the incoming drainage
course(s) are to be shown on the plan and profile views.

5. Protection is to be provided, as necessary, to prevent
erosion. Transition of tie natural section to the pro~cti on
section is to be shown on the plan and profile views along with
typical sections.

6. An end section or headwal1 is b be used where the entrance is b
be the terminus of the enclosed sys~. A cutoff Wall my be
used when futire extension of the system is anticipated.

7. The structure shall be located sufficiently beyond tie proposed
develo~ent so that regrading wil1 not be required on occupied
lots of this development when tie system is extended.

O. Outlet Structures

1. Outlets are not b be located on developed 10S except in
extenuating circumstances, witi special permission of MCDOT.

2. Field run topographic information is b be shown on tie plan
and profile views W show tie drainage path from the Structure
b an existing, established, drainage course.

3. The channel invert and tops of banks of tie receiving drainage
course are to be shown on the plan and profile views.
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4. Protection is b be provided to prevent erosion. Transition of
the protection section to the natural section is to be shown on
the P1an and profile views along with typical sections.

5. An end section or endwall is b be used here tie outlet is the
terminus of the enclosed system. A.cutoff wal1 may be used when
future extension of tie system is anticipated.

6. The structire shal1 be located sufficiently beyond the proposed
development so tiat regrading will not be required on occupied
1ots of this development when the system is extended.

7. Hhere the vertital height at the inlet/outlet of a sto~ drain
systep~,e~ceeds4 feet, a 48 inch minimum height chain 1ink fence
will be”r’equlredfor safety purposes. ,

E. Clearance Witi Other Utilities
.,

?
1.

2.

3.,,,,. ..

4.

5.

All proposed and existing utilities crossing or parallel to storm
drain systems shall be shown on tie plan view.

Al1 proposed and existing uti1ities crossing the storm drain
pipes/structures and sewer mains parallel to the system shall be
shown on the profile view.

A minimum vertical clearance of 12 inches and a minimum
horizontal clearance of 5 feet, wall to wall shall.be provided
be~een storm drain pipes/structures and other utilities.

Storm drain vs. utility crossing angles shall not be 1ess tian 45
degrees.

Protection shal1 be Drovided where concentrated stormater flows
across me trench of other existing utilities.

F. Open Channels-Designed and Watiral

1.

2.

3.

4.

5.

6.

The channel invert and tops of banks are -- ~- -L-.,-i. ml,. ---
profile views.

For designed channels, a cross sectional
configuration shall be shown.

For designed channels, 1imiw of grading

w uc >,, -88 ,88 ~v=vn ano

view of each

shal1 be shown.

The 1imits of a recorded 100 year flood plain easement or surface
drainage easement sufficient to convey the 100 year flw shal1 be
shown. A standard storm drain right of way for improved systems
is not to be obtained for na~ral channels.

For designed channel S, transitions at tie entrance and OUtlet are
to be clearly shown on the plan and profile views.

Limits and types of bank protection are to be shown on the Plafl
and profile views.
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G. Rights of way.

1. Storm drain rights of way are required for al1 publicly improved
systems tiich do not 1ie within dedicated public rights of way.

2. At system entrances and outlets, including al1 transitions to meet
existing conditions, tie rights of way shall be of sufficient widti
to accomoda~ maintenance equipment. The easement width at tie
proposed channel construction shall include a 10 foot wide area for
equipment along one side and a 2 foot w.de area to faciliate
maintenance on the other side both extending beyond the channel
construct on 1imi=. The easement shal1 extend 10 feet in length
beyond we, limits of tie proposed channel construction (including
transitions to ‘existing).

3. The minimum rights of way widths for pipe are as fol10WS:

Pipe Size Rfl Width

15“ -24” 20’
27” -48” 25’
54” - 72” 30’

Minimum widtis of storm drain rights of way, as shown above, may not be
adequate for instal1ations mat are deeper than normal. In such cases, tie
guideline for @termining minimum rights of way widths is as follows:

a. Trench width equals outside PiPe dia~tir P1us 18 inches ‘n
both sides of pipe or wo times the outside diameter of the
pipe, whichever is narrower.

b. Trench walls may be vertical up to 5 feet.

c. S1opes equal to the angle of repose of the soil, but not steeper
Wan 1 to 1, from 5 foot vertical trench wall to existing ground.

d. Additional M dth of 2 feet on one side and 10 feet on tie other
side to accomdate equipment.

NOR: The above guideline is only W be used for tie purpose of
detemng minimum rights of way widths for storm drain installations deeper
wan five feet. APplicable OSW rules and regulations wil1 dictati the actual
trench excavation 1imits and shoring methods ti be employed by tie storm drain
contractors.

4. The storm drain wil1 be placed tithin the rights of way as set forth
above with a 5 foot minimum clearance be~een tie wtside of tie
pipe/strucwre and the right of way 1inc.

5. Every effort will be mde to keep storm drain rights of way off
1ots along the road frontage. M storm drain rights of way which are
paral1el to the roadway are al1owed beyond tie Public Improvement
Easment.
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To:

From:

MONTGOMERY COUNTY, MARYLAND
DEPARTMENT OF lRANSPORTATION

DIVISION OF TRANSPORTATION ENGINEERING

TRANSMITTAL FORM

Subdivision Development Section
Room YO1, Executive Office Bldy.
101 Monroe Street
Rockvi 1le, Maryland 20850

Engineer’s Name

Adoress Zip Code

Telephone Number
Re:

Subdlvlslon

Oate

We hereby submit
Identification of Plans

For Tentative ( ) Final ( ) @proval.

We request that a
Grading, Paving, Storm Orainage, Stabilization

permit be prepared for issuance for

By:

**************+************************************************************

Date Received By:

X:]rch 1983
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Sheet 1 of 3

‘ONTGOMERY COUNTY DEPARTMENT OF TRANSPORTATION
‘IVISION OF TRANSPORTATION ENGINEERING

heck List for Paving and/or Storm Orainage Plans

treet(s) ~ubdivlsion

PIans for Approval - Contents of Package Submittal

(a) ( )

~;~ f ;

(d) ( )

(e) ( )
(f) ( )

(9) ( )

(h) ( )

(i) ( )

Montgomery County Department of Transportation standard transmittal form
1isting streets and 1imits of work on each street by stationing
or lot corners.
Tracing of proposed paving and/or stem drainage plan.
One (1) print of each sheet of proposed plans.
One (1 ) print of certified drainage study with computations. Drainage study
must agree with plans as submitted and not be based on a previous preliminary
plan that has been revised.
One (1) print of approved preliminary subdivision plan.
One (1) print of each record plat showing recording data. If plats have
not been recorded, submit one (1) print of each proposed plat and
indicate approximate date plats wi11 be recorded. ‘“....
One (1) print of approved grade establishment(s) for each street within
the requested limits of approval.
One (1) copy of proposed document to be recorded for each stem drain easement
that is not shown on a record plat.
Engineers estimate of quantities at final approval stage.

Plans - General

(a) ( ) Scale 1“=50’
(b) ( ) North arrow
(c) ( ) General notes for paving and/or storm drainage
(d) ( ) Typical paving section(s)
(e) ( ) Name and address of firm or individual who prepared plans.

Plans - Existing Features

(a)
(b) [ 1
(c) ( )
(d) ( )
(e) ( )
(f) ( )
(9) ( )

Curbs and gutters, paving and sidewalks.
Storm drainage
Water and sewer
Underground utilities
Utility poles
Streams or drainage ways
Buildings or other permanent structures
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Sheet 2 of 3

ONTGOMERY COUNTY DEPARTMENT OF TRANSPORTATION
IVISION OF TRANSPORTATING ENGINEERING

heck List for Paving and/or Storm Drainage Plans

~lans - Proposed Work (Paving~

(a) ( ) All proposed work shown clearly.
(b) ( ) Proper tie in or transition to existing features.
(c) ( ) Detai1s of al1 special or non-standard work. (Refer to Montgomery County, WSSC

or Md. SHA standards for standard work).
(d) ( ) Show proposed water and sewer.
(e) ( ) Handicap ramps at al1 street intersections and intersection type driveways

for curb and gutter streets.
(f) ( ) Where shoulder and ditch work or pavement widening along existing roads

arg required by PIA, show sufficient plans and typical sections to accomplish
this work. Any necessary uti1ity relocation should also be shown.

(g) ( ) Mid-block crosswalks

Plans - Proposed Work (Storm Drainage)

(a) ( ) Pipe schedule, showing lengths, pipe sizes, materials and .$J,assor gauge.
(b) ( ) Structure schedule, showing structure types, elevations, dimensions, with

proper reference to Montgomery County, WSSC and Md. SHA standards.
(c) ( ) Where precast inlets are proposed, show manufacturer’s name and structure

type for each structure.
(d) ( ) Structure numbers on plan to match structure schedule, pipe profiles and

drainage study.
(e) ( ) Required storm drain easements, whether shown on record plat or to be

recorded by separate instrument.
(f) ( ) Outfall treatment, with existing topography at and 100’ below outfall.
(9) ( ) Details of special structures.

Storm Drain Profiles

(a)
(b)
(c)
(d)
(e)
(f)

(9)
(h)

( ) Horizontal scale l“ = 50’
( ) Vertical scale 1“ = 5’
( ) Structure numbers to match plan, structure schedule and drainage study.
( ) Pipe lengths to be shown by stationing at each structure. ,
( ) Pipe size, material and class or gauge for each run.
( ) Quantity of flow, slope and velocity for each run. When pipe will not flow

full because actual slope is steeper than required, actual partial flow
velocity must be shown.

( ) For pipes 27” diameter and larger, show hydraulic gradient.
( ) Outfal1 treatment - show class and length of riprap, filter cloth required

and cross section of outfal1 channel.
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MONTGOMERYCOUNTY DEPARTMENT OF TRANSPORTATION
‘lVISION OF TRANSPORTATION ENGINEERING

heck List for Paving and/or Storm Orainage P1ans

Approvals Required

(a,), ( ) Impression seal or replica of seal and signature of Professional Engineer or
Professional Land Surveyor who is responsible for plans. Unsiqned plans will
not be reviewed.

(b) ( ) Work in public space pemit from WSSC prior to final approval of paving and/or
storm drainage plans.

(c) ( ) WSSC approval if stem drainage is to be constructed prior to installation of
water and sewer.

(d) ( ) Maryland State Highway Administration approval and/or permit where proposed
street connects to existing State highway.

(e) ( ) Maryland Water Resources Administration approval where applicable.

Al1 iternsthat are applicable to the plans being submitted for review should be
checked ( X ). Items that do not apply should be indicated (N/A). lt.~rnsthat do apply
but are not checked must be explained. Attach a separate sheet of paper; if necessary.

Reference Files

(a) ( ) Approved Profile File No.
(b) ( ) Preliminary Plan File No. i-

.

(c)
.

( ) Record Plat No. 2- .

*te Name of Fim

Signature of Responsible Person

Type or Print Name



Znllin Category
R,:~

One-FamilyEstate

TABLE 1

PERCENT IMPERVIOUSAS A FUNCTION OF ZONING

Min Lot Area Lot/Tract Required
Per Duel1ing Wx. Building Minimum Avg. Percent
(Sq. Ft.) Coverage (%) Green Area (%) ImperviousnessCode

RE-1
~E-lC
R-200
R-200DC
R-200C
R-150
R-1500C
R-150C
R-90
R-900C
R-90C
R-60
R-60C

R-40
RMH-200

40,000
15,000
20,000
15,000
10,000
15,000
10,500
8,000
9,000
8,000
5,000
6,000
4,000

4.000

12
12
25
25

;;
30
30
35

(Cluster)”
One-Family
(Oensity-Control
(Cluster)
One-Family
(Oensitv-Control

ed)

ed)
icluste;)
One-Family
(Density-Controlled)
(Cluster)
One-Family
(Cluster)
One-FamilySemi-Oe-
tached & Two-Family
One-FamilyMobile Hme
(Density-control1ed)
(Cluster)
Fouplex
,“ownhouse

‘Townhouse
Townhouse
Townhouse
Multiple-Family-
Low Oensity

Multipie-Family-
~dium Density

Multiple-Family-
High Density

Multiple-Family-
High Rise

Mobile Home

35
35
41
41

40 47
25
25
25
50
35

20;000
WH-2000C 15,000
RMH-200C 10,000
R-4pl ex
R-T6.O
R-T8.O
R-TIO.O
R-m2.5

25

2
35
35
35

;0
50
50
50
50

3,000

2,000

1,000

1,400 to 1,000

40
45
50

R-30

R-20

R-1O

R-H
R-MH

22 53 37

42

52

24 47

20 45

20 50
30

47
42

6/20/88



“~ble1
‘a~”Two

“Transitional
Office Building,
Moderate Intensity
Office Building
Office Park
Convenience
General
Highway
Limited
Hotel-Motel
Country lnn

Industrial
Light Industrial
Heavy Industrial
IndustrialPark

Central Business Oistrict
P1annealDevelopment

Town Sector
P1annealNeighborhoodZone
P1annealRetirementCorn.
Transit Station-Resident
Transit Station-Mixed

d.
b.
c.
d.

*

1.
2.

code

C-T

O-M
c-o
c-P
c-1
c-2
c-3

:::
Cty Inn
1-4
1-1
I-2
1-3
CBD

PD-2
PO-3
PO-4
PO-5
PO-7
PD-9
PD-11
PD-I3
PO-1s
PD-18 .’
PO-22
PD-25
PD-28
PO-35
PO-44
T-S
P-N-Z
P-R-C
TS-R
TS-M

Min Lot Area
Per Owel1ing
(Sq. Ft.)

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

Lot/Tract
*x. Building
Coversge (%)

35-45b

60/75
100
20/25

Zi
50/75

Required
Minimum Avg. Percent
Green Area (%) Imperviousness

10

10/15

4;
10
10

i:
45
50

10;?5
10

5% + setiacks

65
d
d

See zoning text 59-C-2.411
See zoning text 59-C-4.303
See zoning text 59-C-7.13
See zoning text 59-C-8.44

Based on approved zoning site plan

Transferabledevelopmentrights not included,revised fee wil1 be based on density granted.
‘nCreaseddensity for MPOU‘S does not change fee for base zone.

Wurce: %ntgomery County Oepartientof Environmenttal Protection

6/20/88



MONTGOMERY COUNTY, MARYLAND RAINFALL INTENSITY DATA (Inches/Hour)

DURATION FREQUENCY INTERVAL
(MINUTES) 2 YR. 5 YR. 10 YR. 25 YR. 50 YR. 100 YR

5
6
7
8

1:
11

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

52
53
54
55
56
57
58
59
60

5.52
5.21
4.94
4.70
4.48
4.28
4.11
3.95
3.80
3.67
3.54
3.43
3.32
3.22
3.13
3.04
2.96
2.88
2.81
2.74
2.67
2.61
2.55
2.50
2.45
2.40
2.35
2.30
2.26
2.22
2.18
2.14
2.10
2.06
2.03
2.00
1.97
1.94
1.91
1.88
1.85
1.82
1.80
1.77
1.75
1.72
1.70
1.68
1.66
1.64
1.62
1.60
1.58
1.56
1.54
1.52

6.39
6.10
5.83
5.59
5.37
5.16
4.98
4.80
4.64
4.50
4.36
4.23
4.11
3.99
3.89
3.78
3.69
3.60
3.51
3.43
3.36
3.2a
3.21
3.15
3.08
3.02
2.96
2.91
2.85
2.80
2.75
2.71
2.66
2.62
2.57
2.53
2.49
2.45
2.42
2.3a
2.35
2.31
2.2a
2.25
2.22
2.19
2.16
2.13
2.10
2.08
2.05
2.03
2.00
1.98
1.96
1.93

7.07
6.78
6.52
6.2a
6.06
5.85
5.66
5.4a
5.31
5.15
5.00
4.86
4.73
4.60
4.4a
4.37
4.26
4.16
4.06
3.97
3.88
3.79
3.71
3.64
3.56
3.49
3.42
3.36
3.29
3.23
3.17
3.12
3.06
3.01
2.96
2.91
2.86
2.82
2.77
2.73
2.69
2.65
2.61
2.57
2.54
2.50
2.47
2.43
2.40
2.37
2.34
2.31
2.2a
2.25
2.22
2.19

8.05
7.76
7.49
7.23
6.99
6.77
6.56
6.37
6.18
6.01
5.84
5.68
5.54
5.40
5.26
5.13
5.01
4.90
4.79
4.6a
4.58
4.4a
4.39
4.30
4.21
4.13
4.05
3.97
3.90
3.83
3.76
3.70
3.63
3.57
3.51
3.45
3.40
3.34
3.29
3.24
3.19
3.14
3.10
3.05
3.01
2.97
2.92
2.88
2.84
2.81
2.77
2.73
2.70
2.66
2.63
2.60

8.89
8.57
8.28
8.01
7.75
7.51
7.28
7.07
6.87
6.68
6.50
6.33
6.16
6.01
5.86
5.72
5.59
5.46
5.34
5.22
5.11
5.01
4.90
4.80
4.71
4.62
4.53
4.45
4.37
4.29
4.21
4.14
4.07
4.00
3.93
3.87
3.81
3.75
3.69
3.63
3.58
3.52
3.47
3.42
3.37
3.33
3.2a
3.24
3.19
3.15
3.11
3.07
3.03
2.99
2.95
2.92

9.60
9.30
9.01
8.74
8.4a
8.24
8.01
7.79
7.58
7.39
7.20
7.02
6.85
6.68
6.52
6.37
6.23
6.09
5.96
5.83
5.71
5.59
5.4a
5.37
5.26
5.16
5.06
4.97
4.87
4.7a
4.70
4.62
4.54
4.46
4.3a
4.31
4.24
4.17
4.10
4.04
3.97
3.91
3.85
3.80
3.74
3.69
3.63
3.5a
3.53
3.4a
3.43
3.3a
3.34
3.29
3.25
3.21
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SUPPORTING STR GTHS– H20 TRAFFIC LOAD .“.

TRENCH CONDITION

PIPE SIZE

PIPE CLASS

I
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7
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12
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RCP SUPPORTING STRENGTHS - HIO TRAFFIC LOAD

TRENCH CONDITION
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RCP SUPPORTING ST RENG, .S - H10 TRAFFIC LOAD

TRENCH CONDITION

PIPE SIZE

PIPE CLASS

I

2

3

4

5

6

7

8

9

10

II

12

13

14

15
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m

Minimum
2000 psi
COncrele

~m

TRENCH BEDDING CONDITIONS

CLASS A

concrete Crodle
LOAO FACTOR .3.0

—B~—

QBe

.,
,,. . ,, .!

.,,
..’: t ,,. ...?...,;.,,

,9, .: ,, . ...:,.,,.: ... ,

q,:; .~. .,.:,.,r..”:, ,,, ,., ,,, ,,,

m m
Densely

ComWclnd
Bock~ill

3Be/4 min

0/4 mtn.

Note : Bd.2Bcw BC+3ft

Wticheverisnofrower

CLASS C
Sbped Subgrade
Load Factor = 1,5

CLASS B
Shaped Subgrade

With Gronular Foundation

Load Factor * 1.9

CLASS D
Flat Subgrade

Load Factor = 1.1

gmpacled,,:,ackfi17g

Fine Granular
FillMaferiol(3“
To 6“ Oeeo)



. .

I

CHART BASIS

Supporting Strength: Based on the D- load 10 produce o 0.01” Crock in reinforced concrete

pipe conforming to ASTM designa?ian: C76.

Oeod (Eorth) Laod: Boeed on the Mare!on Farmulo.

Wo s Cd W Bde

Wo = Bockfill Iood per linear fool of pipe.

C, * Dimensionless Iaad coefficient relating soil properties, width of trench ond fill

height ( ku’s 0.130).

w = Unit weighl c! bsckfill mattiiol, 120 lb /ft.s

B, . Width af the trench at the tap of the pipe (ft. ) by MSHA Specificol ions, 1968.

[B, * 2B, or B. + 3 ft. whichever is norrower )

Live ( Troffic ) Laad : Bosed an the oreo under the pressure distribution diogram (P CA).

WL =
Bc=

P, *

P*=

Troffic Iaod per linear foot of pipe.

width of the loaded ores, limited to. the aulside diOme?er Of the PiPe

Primary or maximum soil pressure on Iaaded area.

Secondory ar minimum coil preesure on Iooded ores.

Impact Foctar : Due to odvonces in pneumatic tires ond vehicle suspension systems, impoct

effects moy be safely ne?lected in mast coees.

Factar of Safety: A factar af I.O hosed an the O.Ol” crock wos used.



I
PIPE AREA

INCR TOTAL ‘=C ‘R ‘ARFROM TO AREA AREA

——

—

(FIRM NAME)

McOOTJULY,1903———
PIPE COMPUTATIONS

TC I Q
PIPE MIN PIPE TIME
SIZE SLOPE v LENGTH IN PIPE

REMARKS

MIN lN/HR CFS INCHES 70 FPS FEET MIN

.— ——. .—

.-

—

——

—

——

_.— _ —.—

——

I COMPUTED I
DATE

PIPE COMPUTATIONS
CHECKED I

1

(PROJECT NAME) SHEET NO. PROJECT NO.
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— *m. m..tY*9
INCR, TOTAL

1N:? AREA AREA T. C.
BASE OVER TOTAL FLOW FLOW INLET LENGTH sTREET cRoss CURB T~RoAT GuTTER FLOW

C=R AR ZAR i“.;h, F~;W F;~W lN[~OW lNJfR. BYPASS ~o~p, ~~~”~~ SLOPE SLOPE HE;fHTEq:Ess OE~ sP~tyomin.Oc. ac, cIs TO ft. ft. “1. ftlfi,

.—

E:: :’ ~~ ---- -:__ - - - - - - + - z “: ;_ :

— .-——- —— .—. —— . .—. -—

-. _. —.— -.
—-. ——— .- _-— .-

.
—.—. ..-

——
....— ——

E

——. . _..—
-. — .— .-——.—-——.—— -- — ——
— —— —-—.

-. _—. .—
.—— _....

.— — -— —
—

— — —
I

. —— .—.

I.— —

I

I
(FIRMNAME] COMPUTEO

i

oATE
INLETCOMPUTATIONS

~ECKEO
[PROJECTNAME) SHEETNO. PROJECTNO.

1 , 1 I 4

-. . . . . . .. —..- . . .



MOMENTUM AT NO.

hlOMENTUM AT NO.

MOMENTUM AT NO.

(FIRM NAME) I

!1 ,,.

MCOOTJULY,1983_-. ——. —.—

MOMENTUM AT NO.

MOMENTUM

MOMENTUM

AT NO.

AT NO.

I cOMPUTED I
DATE

STRUCTURE HE AOLOSS
CHECKED I

(PROJECT NAME) SHEET NO. PRoJECT NO.

I—



GENERAL NOTES FOR STORM DRAIN CONSTRUCTION

1) All storm drains shall be constructed in accordance with the latist
Edition of the Standard Specifications of the Maryland State Highway
Administration and Montgomery County.

2) TYW of structure refers to the latest Desion Standards of MCDOT. Standard
Details of the Washington Suburban Sanitarv Co~ission and Book of Sbndards
of

3)
an
on

the Mryland State-Highway Administrati~n, unless otherwise nokd. ‘-
---..—-

Where tie drop on tie main line through a structure can be accomdated by
invert slope of 1.5:1 or flatter, a rounded channel lined with sewer brick
edge shall be built to tie crown of the pipes.

4) Information concerning underground utilities was obtiined from available
records, but the Contractor must determine tie exact location and elevation of
the utilities by digging test pits by hand at all utility crossings, well in
advance of trenching. If clearances are less than specified on tiis plan or
less than 12” when not specified, contact the Montgomery County Department of
Transportation’s Inspector and the appropriate utility oner before proceeding
with construction.

5) Where any part of the storm drain system is located in a fill section,
provide select fill material cmpacted to 95% AASHTO T-99 density from
approved subgrade to the structure bottom slabs and/or the pipe bedding.

6) All storm drain pipes shall be installed with class “C” bedding as shown
on Mntgomery County Department of Transportation, ‘RCP Supporting Strength”
loading charts.

7) Call “Miss Utility” at 1-800-257-777748 hours prior to beginning
excavation to determine the location of existing utilities.

4-8-88



Depadment ofTransportation
DivisionofTransportationEngineering

101 Monroe street
Rockville,Ma~land 20850

(301)21 7-2104/ ~ (forhearingimpaired)217-6505

Pr!nted by
Dewnment Of Fecililim&Servic.S
Pv;.r,.gand Mail S.wiceS D4.isiOn


